Based on reports of increased platelet serotonin in 30 to 50% of autistic subjects, abnormal serotonergic neurotransmission may be important in the pathogenesis of autism.
spite evidence suggesting that autism is an inherited disorder (reviewed in Reference 2), the cause of infantile autism has remained elusive. In 1961, Schain and Freedman [3] Recently, c~-[~~C]methyI-~-tryptophan (["CIAMT) has been developed as a tracer for measuring serotonin synthesis, using positron emission tomography (PET) in animals [6] and humans [7, 81. Because PET allows the measurement of regional changes in brain serotonin synthesis, ["CIAMT PET is an ideal method to study alterations of serotonin metabolism in the brains of autistic subjects. In the present study, we tested the hypothesis that regional brain serotonin synthesis is altered in autistic children compared with their nonautistic siblings.
Subjects and Methods
Eight autistic children (7 boys, 1 girl; ages, 4.1-11.1 years; mean age, 6.6 years) and 5 of their siblings (4 boys, 1 girl; ages, 8.2-14.4 years; mean age, 9.9 years) were recruited from clinics at the Children's Hospital of Michigan. All children were given a battery of neuropsychological tests to assess the diagnosis of autism and to document behavioral characteristics (Table 1) . Studies were performed in compliance with regulations of Wayne State University Human Investigation and Radiation Drug Research Committees, and informed consent of parent or guardian was obtained before all studies. In addition, the assent of the siblings was obtained.
Subjects were fasted for 6 hours before the PET procedure, to obtain stable plasma tryptophan levels during the course of the study. Plasma tryptophan, heart rate, blood pressure, pulse oximetry, and blood gases were measured periodically during the study. Children unable to cooperate for the scan were sedated with Nembutal (5 mg/kg IV) or midazolam (0.2-0.4 mg/kg IV). All autistic children and 3 of the 5 siblings required sedation. Prior studies performed in our laboratory on 5 adults each scanned twice (once without and once with sedation using midazolam) have found differences of less than 10% between the two resting conditions (in preparation); these differences are within the accepted tesdretest range for PET tracers [9] .
["CIAMT was produced by using the method described by Chakraborty and colleagues [ l o ] . ["CIAMT (0.1 mCi/ kg) was injected intravenously as a slow bolus over 2 minutes. Thirty minutes after tracer injection, a static 20-minute emission scan of the brain was acquired in three-dimensional mode. PET studies were performed using the Siemens EXACT/HR whole-body positron tomograph (Knoxville, (Fig 1) . Gross asymmetries of serotonin synthesis in frontal cortex, thalamus, and cerebellum were immediately evident in all 7 boys but not in the 1 autistic girl studied. Decreased ["CIAMT accumulation was seen in the leJt frontal cortex and thalamus in 5 of the 7 boys. This was accompanied by elevated CIAMT accumulation on the right dentate nucleus of the cerebellum, confirmed through PET/ magnetic resonance imaging (MRI) image coregistration (Fig 2) . It is noteworthy that the dentate nucleus is not visualized with ["CIAMT in normal adults [7, 81. In the remaining 2 autistic boys, ["CIAMT accumulation was decreased in the right frontal cortex and thalamus and elevated in the lefz dentate nucleus, a pattern that is the mirror image of that seen in the other autistic boys. It does not appear that this "reversed" pattern of abnormality in these 2 boys is related to gross asymmetries were seen in the frontal cortex or thalamus of the sibling group; however, 1 sibling showed increased [' 'CIAMT accumulation in the right dentate nucleus (see Table 1 , Subject 13). It is interesting that this boy had a history of calendar calculation and ritualistically lined up his toys. The overall difference for asymmetry scores between the autistic boys and siblings was statistically significant (MANOVA, p < 0.05). Differences for regional asymmetry scores ( serotonin synthesis in the contralateral dentate nucleus of the cerebellum. The 1 girl included in the present study showed no cortical, thalamic, or cerebellar asymmetry in her ["CIAMT PET scan. This contrast between the boys and the 1 girl studied may be related to gender differences in hemispheric specialization, but this requires further study. Due to ethics constraints in studying normal children of less than the age of assent, we cannot rule out the unlikely possibility that normal boys younger than 8 years old might display asymmetries in serotonin synthesis similar to those seen in the autistic boys.
The three brain regions showing abnormal serotonin synthesis in the present study are synaptically connected via the dentatothalamocortical pathway. Purkinje cells in the cerebellar cortex (which are decreased in number in autistic brain [13]) project to the dentate nucleus, afferents from which constitute the major output pathway of the cerebellum. Dentate neurons project to the ventral lateral nucleus of the contralateral thalamus in the dentatorubrothalamic tract, crossing to the contralateral side of the brain in the decussation of the superior cerebellar peduncle [14] [15] [16] . In turn, neurons in the thalamic ventral lateral nucleus project to frontal cortex, including prefrontal cortex, Broca's language area, motor cortex, and supplementary motor cortex [17] [18] [19] [20] .
The findings of focal abnormalities in serotonin synthesis that are increased in one region and decreased in other brain regions may explain why studies of the serotonin metabolite 5-HIAA in CSF have not demonstrated consistent differences between autistic and control subjects. Focal alterations in ["CIAMT accu-mulation may represent either aberrant innervation by serotonergic terminals or altered function in anatomically normal pathways. Imrnunocytochemical studies in pathological specimens are necessary, to determine which is the case. Altered serotonergic neuromodulation of dentatothalamocortical synaptic activity could be one pathophysiological mechanism underlying dysfunction in autism.
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